The objective of this study was to identify the salt tolerance level of foxtail millet accessions. Salinity tolerance of 10 foxtail millet accessions was determined by a rapid screening method at 7-days-old seedlings and at 3-weeks-old seedlings. Based on the root length and relative seed germination of the 7 days-old-seedlings, and based on the root growth and plasma membrane integrity of the root tip under salinity at the seedling stage, ICERI-5 and ICERI-6 accessions were identified as tolerant accessions, while ICERI-10 were identified as sensitive accessions. Accessions with tolerance to salinity are valuable genetic materials for further crop improvement program.
Introduction
Abiotic stresses, including salinity, are negatively influence the yields of staple food crops worldwide, hence threaten the world food security [1] . Salinity affected nearly 20% of the world's cultivated area and nearly half of all irrigated lands [2] . Foxtail millet (Setaria italica L. Beauv) is a Panicoideae grass that has been reported to have comparable tolerant level to drought [3] and salinity [4] , thus it became an important food crop in the arid and semi-arid regions. This plant is originated from Northern China and it has been widely cultivated in Asia and Europe [5, 6] . The short life cycle of foxtail millet has made this plant suitable as a second food or fodder crop after wheat or barley [7] . Furthermore, because of the close relative of foxtail millet with several important C4 biofuel crops, this plant is also has been suggested as an appropriate model for biofuel feed stocks [3, 8] .
Although foxtail millet is a potential crop to be grown in the saline affected areas where high salinity levels prevent crop production, considerable variation for salt tolerance has been reported within foxtail millet genotypes [9, 10] . Identification of genetic materials contrasting in tolerance level to salinity stress is an important step in generating salt tolerant varieties in an efficient breeding program. Most published research papers about response of C4 grasses to salinity were concentrated on the close relative of foxtail millet, pearl millets (Pennisetum glaucum (L.) R. Br.). Various growth stages of pearl millets had been reported to be affected by salinity [2, 10, 11] . Some studies showed that it was possible to identify the salt-tolerance level of pearl millet during germination and early seedling growth [12] [13] [14] .
However, there is only limited information available for response of foxtail millet to salinity at germination and seedling stages. The objective of this study was to identify foxtail millet accessions with different sensitivity to salt stress at germination and seedling stages.
Materials and Methods
This study consisted of two experiments, identification of foxtail millet accessions differing in salinity tolerance at germination stage (1 st experiment) and at seedling stage (2 nd experiment). The first experiment was arranged in completely randomized design with two factors and three replications. The first factor was foxtail millet accession comprised of ten (10) accessions from Indonesian Cereals Institute (ICERI), while the second factor was NaCl concentration in the culture solution comprised of 0, 75, 100, and 150 mM NaCl. The range of NaCl concentration was based on germination study on pearl millet [13] . Twenty seeds of each of the 10 entries were germinated on filter paper in closed petri dishes for 7 days in 15 mL deionized water (control) or in 15 mL of NaCl solution in room temperature. Germination percentage was observed at 7 day after treatment (DAT). Ten representative seedlings from each petri dish were used for the measurement of root and shoot length, relative seed germination (RSG), relative root length (RRL), and relative shoot length (RSL) [14] . Measurements were conducted on shoot and root length, shoot and root fresh weight, and shoot and root dry weight at 14 DAT. The loss of plasma membrane integrity of the root tip was assayed using Schiff's reagent following Yamamoto et al. [16] method.
Results and Discussion

Growth response of 10 foxtail millet accessions at germination stage
Increasing NaCl concentration showed highly significant correlation with declining relative seed germination (RSG) and root length at 7 DAT (Figure 1 ). The adverse effect of salinity on germination percentage and relative seed germination was also has been reported on pearl millet both in vitro [13] and on pot culture assay [11] . The decreased of root length as NaCl concentration increase was also observed in the study on 19 finger millet (Eleusine coracana) genotypes [17] and 28 inbred pearl millet lines at seedling stage [13] . The decrease of those growth variables during germination stage as NaCl concentration increase indicated that those variables can be potentially used to screen foxtail millet accession under salinity stress.
Relative seed germination of pearl millet (RSG, 6 days under 250 mM NaCl) exhibited high levels of positive correlation with the shoot biomass ratio (shoot biomass under salinity/ shoot biomass under control condition) and hence proposed as a good selection criteria for salt tolerance in this plant [14] . Relative root length of 14 days-old seedlings less than 160 mM NaCl was used to distinguished pearl millet tolerant levels to salinity [18] .
Further study on this pearl millet also showed that relative root length is a better character for selection rather than absolute root length [19] . Regarding the close relation between foxtail millet and pearl millet and based on the significant correlation between increasing NaCl concentration with declining root length (RRL) and relative seed germination (RSG), these two variables (RRL and RSG) are potential criteria for screening foxtail millet accessions under salinity stress. ICERI-6) had germination percentage < 80% but still > 70% under unstressed condition. All accessions tested in this study showed a low germination percentage (< 35%) at 150 mM NaCl, indicating that this concentration is toxic for all accessions and thus cannot be used to discriminate the tolerant and sensitive accessions.
Large variation for the relative seed germination (RSG) among the entries tested was also observed, indicating genotypic variation in the response of germination to salinity. A germination study in pearl millet showed that genotypes with RSG value 0.1-0.4 can be categorized as sensitive, 0.4-0.7 as moderate, and > 0.8 as tolerant to salinity [14] . Two accessions (ICERI-5 and ICERI-6) had RSG > 0.8 at 100 mM NaCl thus were grouped as relatively more salt-tolerant accession compared to other accessions in this study. Two accessions (ICERI-7 and ICERI-9) were grouped as moderately tolerant accession (0.8 > RSG > 0.7) and the other six accessions were grouped as sensitive accession (0.7 > RSG). Root length, relative root length (RRL), and shoot length were also varied greatly across foxtail millet accessions in this study. The relative root length of all foxtail millet accessions at 100 mM NaCl was < 0.5, while the relative shoot length was still > 0.5. These indicate that shoot growth was relatively less affected by salinity than root growth. A study in pearl millet also showed that root was relatively more affected by salinity than shoot growth [14] . Roots are more vulnerable to salinity than other plant part since it was subjected to the stressed environment (salinity) before other plant parts. The inhibition of root growth may adversely affect the survival and productivity of the plants. Therefore, in addition to RSG, root growth under salinity may serve as good indicator in the first steps of screening programs.
Salinity response estimated at germination stage does not always correlate well with plant performance at later stages [20] . Previous study in pearl millet showed that early root and shoot growth of seedlings in response to salinity may not be useful as trait for selection as there was no relation to biomass productivity at anthesis [14] . It is therefore very important to clarify the reliability of salinity screening of foxtail millet at germination stage by verifying the salinity response in this experiment with plant performance at later stages.
Growth response of 10 foxtail millet accessions at seedling stage
In order to verify the salinity tolerance level of foxtail millet accessions identified at the germination stage, three accessions (ICERI 5, 6, and 10) were further studied at a later vegetative stage (3 weeks-old-seedling). ICERI-5 and ICERI-6 were identified as salt tolerant accessions at the germination stage, while ICERI-10 was identified as salt sensitive accession.
Salinity (40 mM NaCl) significantly decreased shoot length, root and shoot dry weight of foxtail millet seedling at 14 DAT ( Table 2) . Mild salinity stress for 14 days (NaCl concentration as low as 40 mM) decreased the shoot dry weight up to 16% and the root dry weight up to 22%. This result was in line with our result at the germination stage, that salinity stress showed more adverse effect on the root than on the shoot.
ICERI-10 accession that was identified as salt sensitive accession at germination stage showed the lowest root length, as well as root and shoot dry weight at 14 DAT ( Table 3) .
One-hundred lines of pearl millet were classified into tolerant-moderate-sensitive to salinity based on the shoot biomass ratio [14] . The ability of plant to maintain their biomass under stressful environment has been considered to reflect their tolerance level to particular stress.
Krishnamurthy et al. [14] reported that the tolerance of pearl millet under salinity was highly correlated to the ability of the plant to maintain the shoot K + /Na + and Ca 2+ /Na + ratio. Figure 2 . Histochemical detection of lipid peroxidation caused by NaCl in foxtail millet roots. Foxtail millet seedlings were treated without (left) or with (right) 40 mM NaCl for 5-days. The roots were stained with Schiff'sreagent Salinity stress causes membrane and protein damage and disruption in the distribution of ions [21] . Oxidative stress is known to cause the peroxidation of unsaturated lipids in biological membranes which leads to the loss of membrane integrity. Thus, this study investigated the peroxidation of lipids as a phenomenon of salinity-induced oxidative stress in foxtail millet roots. The loss of membrane integrity was observed only in the ICERI-10 root tip, the sensitive accession, and not in the ICERI-5 and ICERI-6 accessions as indicated by the reddish color of Schiff's reagent (Figure 2) .
Conclusion
Based on the root length and RSG value, ICERI-5 and ICERI-6 accessions were identified as tolerant accessions, while ICERI-3 and ICERI-10 were identified as sensitive accessions at the germination stage. ICERI-10 was again identified as sensitive accessions based on the poor growth and the loss of plasma membrane integrity of the root tip under salinity, while ICERI-5 and ICERI-6 accessions were identified as tolerant accessions at a later vegetative stage (3-weeks-old seedling).
